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Purpose: Studying the role of ultrasound biomicroscopy (UBM) in detection of anterior segment 
changes in infants with primary congenital glaucoma (PCG). 

Methods: Cross-sectional study that included 25 eyes of 15 patients suffering from PCG 
and a control group of 15 eyes of ten age- and sex-matched participants. Diagnosis of PCG 
was based on clinical data (intraocular pressure, corneal diameter, fundus examination and 
amplitude-modulation scan measurement of axial length). UBM examination was done for all 
participants for measurement of central corneal thickness, anterior chamber depth, lens thick- 
ness, iris thickness (measured 2 mm from the iris root and again at the thickest point near the 
pupil), zonular length, posterior chamber depth, and angle of anterior chamber. Qualitative 
evaluation was done for abnormal angle membranes, iris insertion level, and ciliary processes 
position and configuration. 

Results: Mean age + standard deviation was 10.32+3.59 months in the study group and 
14.54+5.9 months in the control group. The central corneal thickness, anterior chamber depth, 
zonular length, and angle of anterior chamber were significantly larger in the study group 
than in the control group, with mean values 700+190 um, 3.55+0.32 mm, 1.02+0.15 mm, and 
58.47°±5.57°, respectively. The posterior chamber depth had a mean of 0.33+0.06 mm, which 
was significantly smaller than that of the control group. In the study group, the mean iris thickness 
2 mm from the iris root was 0.32+0.04 mm, the mean iris thickness at the thickest point near the 
pupil was 0.38+0.08 mm, and the mean lens thickness was 3.32+0. 1 8 mm. These three parameters 
were smaller than the control group but the difference was insignificant. Loss of normal iris 
configuration was detected in all eyes of the study group. Anterior iris insertion was detected in 
56% of the eyes in the study group, and abnormal angle membrane was found in 12%. 
Conclusion: UBM is a useful tool for detection of anterior segment changes in PCG, which is 
helpful especially in cases with opaque cornea or cases with borderline clinical findings. 
Keywords: UBM, primary congenital glaucoma, buphthalmos 

Introduction 

Pediatric glaucoma includes a wide variety of conditions which result in elevated 
intraocular pressure (IOP) and optic nerve damage. It is a rare but serious cause of 
blindness around the world and represents a global problem that poses a diagnostic 
and therapeutic challenge to the ophthalmologist. Primary congenital glaucoma (PCG), 
the most common primary childhood glaucoma, is believed to be caused by dysplasia 
of the anterior chamber angle, and it is generally bilateral. 16 

The pathogenesis of glaucoma in childhood and the responses of the child's eye 
to this disorder are often very different from those in older individuals. Exposure to 
high IOP while the ocular coats are not fully mature in children leads to secondary 
changes like increased axial length (AL) and associated myopia, iris thinning, and 
increased corneal diameter. 7 - 8 
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Ultrasound biomicroscopy (UBM) is a high-resolution 
ultrasound technique that allows noninvasive in vivo imag- 
ing of structural details of the anterior ocular segment at 
near light microscopic resolution and provides detailed 
assessment of anterior segment structures, including those 
obscured by normal anatomic and pathologic relations (such 
as corneal edema or iridocorneal abnormalities that may 
preclude the clinical assessment of underlying structures). 
Consequently, UBM is useful for assessing the morphology 
and understanding the pathology of the anterior segment in 
congenital glaucoma. 9,10 

Patients and methods 

This was a cross-sectional nonrandomized study that 
included 25 eyes of 15 patients (ten bilateral and five uni- 
lateral) diagnosed as PCG in the Pediatric Ophthalmology 
Unit, Tanta University Eye Hospital, Tanta, Egypt. The 
study also included an age- and sex-matched control group 
that consisted of 15 eyes of ten participants (five par- 
ticipants suffering from strabismus with normal clinical 
findings who were examined under general anesthesia for 
performing refraction, and the fellow normal eyes of the 
the five patients with unilateral PCG from the study group). 
All participants were examined under general anesthesia. 
Diagnosis of PCG was based on such clinical data as IOP, 
corneal diameter, disc changes, gonioscopy if possible, 
and amplitude-modulation scan measurement of axial 
length (Table 1). 

UBM examination (Sonomed Vumax UBM 35 MHz tran- 
ducer) was done for all participants for anterior segment bio- 
metric quantitative evaluation (Figure 1). This included: 

• Central corneal thickness (CCT): measured from the 
center inner surface of corneal endothelium to outer 
epithelial surface. 

• Anterior chamber depth ( ACD) : measured from the center 
of corneal endothelium to the anterior lens capsule. 



Table 1 The 


mean intraocular 


pressure, 


corneal diameter, and 


axial length in 


patient and control groups 








Group 


Mean 


SD 


Student's 


P-value 










t-test 




IOP (mmHg) 


Patient 


25.9 


5.16 


5.01 1 


0.001 




Control 


14.2 


3.2 






CD (mm) 


Patient 


13.12 


0.63 


4.137 


0.001 




Control 


10.9 


0.60 






AL (mm) 


Patient 


23.1 1 


1.6 


2.593 


0.015 




Control 


20.2 


0.8 







Abbreviations: AL. axial length; CD, corneal diameter; IOP, intraocular pressure; 
SD, standard deviation. 



• Lens thickness: measured from anterior to posterior lens 
capsule. 

• Zonular length: measured from the tip of ciliary processes 
to the lens equator. 

• Posterior chamber depth (PCD): measured from the iris 
pigment epithelium to the first visible zonular fiber at a 
point just leaving the ciliary process. 

• Iris thickness 1 (IT1): measured 2 mm from the iris root. 

• Iris thickness 2 (IT2) : measured at the thickest point near 
the pupil. 

• Anterior chamber angle measured in degrees. 

• Qualitative evaluation: included detection of abnormal 
tissues or membranes at the angle of anterior chamber, 
any abnormalities involving Descemet's membrane or 
Schwalbe's line, iris insertion level, and ciliary processes 
position and configuration (Figure 2). 

Results 

The study group included 25 eyes of 1 5 patients with PCG. 
Five patients (33.3%) had unilateral PCG. Ten patients 
(66.7%) were males and five patients (33.3%) were females. 
The control group included 15 eyes of ten participants 
(ten eyes of five normal participants, and five normal fellow 
eyes of the five patients with unilateral PCG). Six partici- 
pants (60%) of the control group were males and four par- 
ticipants (40%) were females, with no significant difference 
in comparison with the study group (P=0.482). The age of 
patients of the study group ranged between 1-24 months 
with a mean of 10.32+3.59 months, while the age in the 
control group ranged between 2-24 months with a mean of 
14.54+5.9 months, with no significant differences between 
groups (P=0.067). 

UBM evaluation of both groups revealed that CCT in 
the study group was significantly larger than in the control 
group (P=0.012). CCT in the study group ranged between 
500-1,390 |im with a mean of 700+190 um, while in the 
control group it ranged between 490-620 |im with a mean 
of 540+30 |tm. Similarly, ACD and zonular length in the 
study group were significantly larger than in the control group 
(P=0.00 1 ). Angle of anterior chamber was significantly wider 
in the study group (iM).002) (Table 2). 

PCD was found to be significantly smaller in the study 
group (P=0.00 1). Iris thickness (IT 1 and IT2) and lens thickness 
were smaller in the study group, but no statistically significant 
differences compared with the control group were recorded 
(P=0.394, P=0.105, andP=0.206, respectively) (Table 3). 

AL is a very valuable tool in diagnosis and follow-up of 
PCG. The correlations between AL and UBM parameters 
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Figure I Different anterior segment measurements in eye with primary congenital glaucoma. 

Notes: (A) Central corneal thickness, anterior chamber depth, and lens thickness. (B) Iris thickness 2 (measured at the thickest point near the pupil), posterior chamber 
depth, and zonular length. 



* — 










Figure 2 Qualitative anterior segment changes. 

Notes: (A) Loss of normal iris configuration with abnormal angle membrane. (B) Preserved iris crypts in an eye of normal control. (C) Glaucomatous eye with normal iris 
insertion in relation to sclera spur (arrowhead). (D) Glaucomatous eye with anterior iris insertion in relation to sclera spur (arrowhead). 
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Table 2 The mean central corneal thickness, anterior chamber 
depth, zonular length, and angle measurement in patient and control 
groups 





Group 


Mean 


SD 


Student's 
t-test 


P-value 


CCT (urn) 


Patient 


700 


190 


2.639 


0.012 




Control 


540 


30 






ACD (mm) 


Patient 


3.55 


0.32 


6.372 


0.001 




Control 


2.69 


0.45 






Zonular 


Patient 


1.02 


0.15 


4.318 


0.001 


length (mm) 


Control 


0.77 


0.16 






Angle 


Patient 


58.47 


5.57 


3.422 


0.002 


(degrees) 


Control 


51.04 


6.90 







Abbreviations: ACD, anterior chamber depth; CCT, central corneal thickness; 
SD, standard deviation. 



were studied. IT1 and IT2 were found negatively correlated 
with AL (P=0.001 and P=0.040, respectively). A negative 
correlation was also found between PCD and AL (P=0.037). 
No correlations were found between other UBM parameters 
and AL. 

Correlations between IOP and corneal diameter 
(as indicators of severity of PCG) and UBM parameters in 
the study group were investigated. No significant correlation 
was found between UBM parameters and IOP, while IT1 
was negatively correlated and angle of anterior chamber was 
positively correlated with corneal diameter (P=0.037 and 
P=0.027, respectively). No significant correlation was found 
between age and any of the UBM parameters in either the 
study group or the control group. 

Qualitatively, different degrees of loss of normal iris 
configuration with absence of iris crypts were detected in all 
eyes in the study group. Anterior iris insertion was found in 
14 eyes (56%), while normal iris insertion level was detected 
in eleven eyes (44%). Ciliary processes were found to be 
long and slender, and in eight eyes (32%) they were closely 
related to the posterior surface of the iris with very shallow 

Table 3 The mean posterior chamber depth, iris thickness, and 



lens thickness 


in patient and control groups 








Group 


Mean 


SD 


Student's 


P-value 










t-test 




PCD (urn) 


Patient 


330 


60 


8.489 


0.001 




Control 


560 


90 






ITI (urn) 


Patient 


320 


40 


0.863 


0.394 




Control 


330 


60 






IT2 (u.m) 


Patient 


380 


80 


1.663 


0.105 




Control 


440 


100 






Lens thickness 


Patient 


3.32 


0.18 


1.288 


0.206 


(mm) 


Control 


3.44 


0.39 







Abbreviations: IT, iris thickness; PCD, posterior chamber depth; SD, standard 
deviation. 



or obliterated ciliary sulcus. Abnormal angle membrane was 
found in three eyes of the study group (12%), which was not 
detectable clinically. This may be attributed to unfamiliarity 
with gonioscopic findings in infants. 

Discussion 

UBM systems are suitable for imaging of virtually all ante- 
rior segment anatomy and pathology, including the cornea, 
iridocorneal angle, anterior chamber, iris, lens, retroirideal 
structures, and ciliary processes. 11 There are few studies 
on UBM changes in the anterior segment in eyes with 
congenital glaucoma. 91213 Gupta et al 13 published the UBM 
characteristics of the anterior segment in PCG. They included 
only patients older than 5 years who were cooperative for 
UBM examination. The mean age of their patients was 
13.8+3.2 years. They found that anterior chamber angle (in 
degrees), zonular length, and PCD were significantly larger 
in glaucomatous eyes. On the other hand, lens thickness, 
iris thickness, and ciliary body thickness were significantly 
smaller in glaucomatous eyes. 

It is well known that eyes with congenital glaucoma are 
significantly more myopic, and that myopic nonglaucomatous 
eyes have greater ACD, thinner lenses, and greater axial 
lengths. 14 Garner et al 15 described a thinning of the lens of 
0.005 mm per year in myopic children. Anterior segment 
changes detected in glaucomatous eyes cannot be attributed 
to accompanying myopia, as these changes are much more 
pronounced in eyes with congenital glaucoma. They can be 
better explained by the progressive stretching of the globe in 
these eyes. 13 Results of our study showed that the previously 
described characteristic glaucomatous changes in anterior 
segment parameters can be detected at a much younger age 
(10.32+3.59 months). 

Gupta et al 13 studied the correlations between UBM 
parameters and AL. They found moderate negative correla- 
tion between iris thickness and AL. Zonular length in their 
study correlated positively with AL. They found no correla- 
tions between AL and anterior chamber angle, ciliary body 
thickness, or PCD. In this series, negative correlation was 
found between each of ITI, IT2, PCD, and AL. 

CCT in glaucomatous eyes was found to be significantly 
larger in the study group than the control group, and no cor- 
relation was found between CCT and corneal diameter. CCT 
has a known effect on IOP measurement with applanation 
tonometry. IOP is underestimated in structurally thinner 
corneas, whereas it is overestimated in structurally thicker 
corneas. 16 In addition to the known effect of CCT on appla- 
nation tonometry, Tong and associates 17 demonstrated that 
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changes in CCT were associated with a greater difference in 
measured IOP in children than in adults. Lopes et al 18 stated 
that CCT could have a clinically significant effect on IOP 
measurement in more than half of the patients with pediat- 
ric glaucoma and suggested that pachymetry results should 
be considered in the management of such cases. Published 
data are ambiguous regarding CCT in PCG cases, with both 
thicker and thinner corneas being reported. 

Some studies reported a significantly thinner cornea in 
PCG patients. 18 20 Wygnanski-Jaffe and Barequet 21 reported 
nine congenital glaucoma cases with thinner CCT in the 
eye with the more severe glaucomatous damage in bilateral 
cases or in the glaucomatous eye compared with the normal 
fellow eye in unilateral glaucoma cases. These findings were 
explained by the corneal stretching and/or scarring. 

On the other hand, other studies reported significantly 
thicker CCT in patients with PCG. 8 22 23 Corneal thickening 
in congenital glaucoma could be an inherent component 
of the pathophysiology and related to racial and genetic 
background. Alternately, the thicker cornea could be due 
to the presence of subclinical corneal edema as a result of 
endothelial dysfunction and long-lasting IOP elevation. 23 
Oberacher-Velten et al 22 concluded that even apparently 
clear corneas under high IOP in congenital glaucoma might 
have subclinical edema. Mastropasqua et al 24 used confocal 
microscopy to study the endothelial layer in two patients 
with glaucomatous megalocornea. They found markedly 
decreased cell density, pleomorphism, and focal cellular 
lesions, which were attributed to corneal distension. 

Many investigators used ultrasound pachymetry for 
evaluation of CCT in PCG patients, while in our study UBM 
was used. Tam and Rootman 25 compared measurement of 
CCT using specular microscopy, ultrasound pachymetry, and 
UBM. They found both ultrasound pachymetry and UBM 
produced similar measurements. 

Different degrees of loss of normal iris configuration with 
absence of iris crypts were detected in all eyes with congenital 
glaucoma. This may be explained on a pathological basis due 
to lacking of sphincter and dilator muscles, while uveal and 
neuroepithelial layers are preserved. 26 

Anterior iris insertion was found in 56% of the eyes in 
the study group. Zhu et al 27 found the sclera spur lateral or 
posterolateral to the angle apex in 75%. They concluded 
that the relative positional changes between sclera spur and 
angle apex indicates that the poor development of sclera spur 
and the anterior iris insertion are basic pathogenic factors 
in PCG. An important characteristic feature in congenital 
glaucoma is the massively elongated ciliary processes. 



These elongated processes might be drawn into the trab- 
eculectomy cleft, accounting for the high incidence of uveal 
tissue incarceration. 912 - 28 - 29 

There are no published data about the use of UBM for 
follow-up of patients with congenital glaucoma, but it is 
well established that AL measurement has been reported 
to be a simple and very valuable tool for follow-up of such 
patients. 8 - 30 

In conclusion, eyes with primary congenital glaucoma 
have characteristic anterior segment features that can be 
detected by UBM, even in infants 2 years old or younger. 
These UBM characteristics are helpful in establishing a pri- 
mary congenital glaucoma diagnosis, especially in patients 
with opaque cornea or borderline clinical features. 
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